###### Strengths and limitations of this study

-   In this study, we evaluated for the first time the threshold of the soluble urokinase plasminogen activated receptor level in the diagnosis of primary focal segmental glomerulosclerosis.

-   We present evidence to distinguish different types of idiopathic nephrotic syndrome.

-   Our study included both interventional and diagnostic meta-analyses.

-   Heterogeneity has been explored; however, the source of heterogeneity has not yet been identified.

-   The sample size of some of the included studies is small.

Introduction {#s1}
============

Focal segmental glomerulosclerosis (FSGS) is a pathological condition, and clinical manifestations can include proteinuria and nephrotic syndrome.[@R1] The mechanism of FSGS involves podocyte injury, which can result in degeneration of all nephrons and ultimately lead to chronic kidney disease (CKD).[@R1] CKD is a global public health problem with a global prevalence of 11%--13% and is increasing rapidly.[@R2] Moreover, in a recent study, it was demonstrated that the annual incidence rate of FSGS ranged from 0.2 to 1.8/100 000 per year.[@R4] In general, there is no clinical manifestation in the early stage of FSGS, which often delays diagnosis and increases mortality.[@R5] At present, diagnostic markers of kidney diseases are limited; however, several markers related to podocyte injury may play an important role in predicting disease progression.

Soluble urokinase plasminogen activated receptor (suPAR), a marker of podocyte injury, has been implicated in the pathogenesis of various kidney diseases.[@R6] In a recent study, it was suggested that suPAR might be a biomarker for the diagnosis of kidney disease.[@R7] In addition, in several studies, the relationship between suPAR and FSGS was explored; however, the results were controversial.[@R8] High-quality meta-analysis has been increasingly regarded a key tool for achieving evidence.[@R12] In a previous meta-analysis,[@R14] it was shown that the concentration of suPAR was higher in patients with FSGS when compared with normal subjects; however, the heterogeneity was greater, and due to the small number of included studies no subgroup analysis was performed. Our meta-analysis included higher number of studies, a subgroup analysis, and sensitivity and specificity analyses for the diagnosis of the FSGS threshold using the concentration of suPAR. Furthermore, we also analysed whether the concentration of suPAR could be used to differentiate FSGS, minimal change disease (MCD) and membranous nephropathy (MN). Thus, this meta-analysis was conducted to explore whether suPAR could diagnose FSGS and to identify reasonable cut-offs of suPAR.

Methods {#s2}
=======

This meta-analysis was conducted in accordance with the Meta-analysis of Observational Studies in Epidemiology and the Preferred Reporting Items for Systematic Reviews and Meta-Analyses statements[@R15] ([online supplementary file 1](#SP1){ref-type="supplementary-material"}). In addition, AMSTAR (A Measurement Tool to Assess Systematic Reviews) was used to assess the methodological quality of this meta-analysis.[@R16]

10.1136/bmjopen-2019-031812.supp1

Search strategy {#s2-1}
---------------

Studies in PubMed, Embase, Cochrane Library, Web of Science and China Biology Medicine databases published from the date of inception to 1 December 2018 were systematically searched by TS and QH. The search terms used were as follows: ("Soluble urokinase plasminogen activator receptor" OR "suPAR") AND ("Glomerulosclerosis, Focal Segmental" OR "Segmental Glomerulosclerosis, Focal" OR "Glomerulosclerosis, Focal" OR "Focal Glomerulosclerosis" OR "Sclerosing Glomerulonephritides, Focal" OR "Hyalinosis, Segmental Glomerular") ([online supplementary file 2](#SP2){ref-type="supplementary-material"}). Selected articles were screened manually to prevent the omission of additional relevant articles. There were no language restrictions. When opinions were not uniform, a third researcher (HX) evaluated and a unified decision was made.
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Inclusion and exclusion criteria {#s2-2}
--------------------------------

### Inclusion criteria {#s2-2-1}

The following were the inclusion criteria: (1) data on the suPAR level were derived from blood samples; (2) FSGS was diagnosed by biopsy; and (3) randomised controlled trials, cohort studies, case--control studies and cross-sectional studies.

### Exclusion criteria {#s2-2-2}

The following were the exclusion criteria: (1) reviews and case reports; (2) studies on the level of suPAR from urine; and (3) animal studies.

All included studies should involve FSGS and concentration of suPAR. There were no age, gender or region restrictions.

Data extraction and quality assessment {#s2-3}
--------------------------------------

Data were separately extracted by two authors, and included the author and year of publication, research design, country or region, the aetiology of FSGS, patient characteristics (male and average age percentage), suPAR concentration of primary FSGS, secondary FSGS, MCD, MN and normal control group, optimal cut-off value, and true positive, true negative, false positive and false negative. Additional discussion was provided when the results were inconsistent.

The Newcastle-Ottawa Scale (NOS)[@R18] was used to assess the quality of the cohort studies. The quality of the 21 cohort studies was assessed using NOS, which included three main concepts: selection, comparability and outcome assessment. A score of ≥7 was defined as low risk, a score of 5--7 as medium risk and a score of less than 5 as high risk. The methodological quality of the eight cross-sectional studies included in the current study was assessed by the Agency for Healthcare and Quality (AHRQ),[@R18] which consisted of 11 checklists. In all studies, the diagnosis-related study used the Quality Assessment of Diagnostic Accuracy Studies-2,[@R18] which contained 11 items that were evaluated as either yes, no or unclear.

Data analysis {#s2-4}
-------------

To analyse the data, Stata V.15.0 software was used. Continuous variables were described by the standard mean difference (SMD) and 95% CI. Heterogeneity was assessed by I^2^ and p values. An I^2^ of 0%--50% was considered as low heterogeneity, 51%--75% was considered as moderate heterogeneity, and more than 75% was considered as high heterogeneity. When the heterogeneity was under 50%, a fixed-effect model was used. Otherwise, a random-effect model was chosen.[@R19] Sensitivity analysis was used when the heterogeneity was more than 50%. Begg's test and Egger's test were used to evaluate publication bias when the included studies contained more than 10 studies.[@R20] P＜0.05 was considered statistically significant.

For subgroup analysis, in a previous study, no differences were observed between children and adults[@R9]; however, in another study, it was described that the level of surface suPAR was related to age.[@R21] Because the study design may influence the results, we also performed subgroup analysis based on the study design. In one study,[@R9] the suPAR level of African--American children was described as different from that of other races. Therefore, we hypothesised that race might influence the study results, and subgroup analysis was performed based on the continent. However, due to the lack of data, subgroup analysis was not performed for the stage of CKD, gender, estimated glomerular filtration rate (eGFR) and the cut-off value of FSGS.

For data processing of the diagnostic part, publication bias was assessed by a Deeks' funnel plot. When p\>0.05, no publication bias was considered. We extracted data from the diagnostic 2×2 table. The effect of the threshold on the diagnostic accuracy of suPAR was evaluated using the Spearman's correlation coefficient between the sensitivity logic and the 1-specific logic. If there was no threshold effect, the mixed sensitivity (SENS), specificity (SPEC), diagnostic OR (DOR), positive likelihood ratio (PLR) and negative likelihood ratio (NLR) were calculated using a bivariate random-effects regression model. In addition, a summary receiver operational characteristic (SROC) curve was created by plotting individual and summary points of sensitivity and specificity to assess overall diagnostic accuracy. Furthermore, the area under the curve (AUC) was obtained, and a forest plot was constructed. Our data showed that the diagnostic value was better when the AUC was closer to 1.

Patient and public involvement {#s2-5}
------------------------------

This study did not involve patients or members of the public.

Results {#s3}
=======

After the initial search, a total of 360 studies were obtained from five databases. Another four studies were included from the sources of reference list. Thus, 364 studies were initially included, among which 306 studies were excluded after reading the title and abstract. After reading the full text, another 29 studies were excluded; therefore, 29 studies were finally included.[@R9] A flow chart of the study selection process is presented in [figure 1](#F1){ref-type="fig"}. A total of 5187 patients were involved in the 29 included studies. The characteristics of the included studies are shown in [table 1](#T1){ref-type="table"}. Each study included basic information, study types, country, thresholds and quality scores. In seven studies,[@R22] the cut-off value of suPAR was described, which ranged from 2992.6 to 5500 pg/mL.

![PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) flow diagram and exclusion criteria. CBM, China Biology Medicine; FSGS, focal segmental glomerulosclerosis; suPAR, soluble urokinase plasminogen activated receptor.](bmjopen-2019-031812f01){#F1}

###### 

Characteristics of studies (N=29)

  ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Study                             Year   Country (period)                         Study design      Population (n)   Age\           Male (%)        Cut-off (pg/mL, primary FSGS)   NOS   AHRQ   Inclusion group
                                                                                                                       (years)                                                                     
  --------------------------------- ------ ---------------------------------------- ----------------- ---------------- -------------- --------------- ------------------------------- ----- ------ -----------------
  Wei, Changli[@R22]                2011   USA (NA)                                 Cohort            141              25±15          15              3000                            5     NA     ①②③⑤

  Wei, C[@R23]                      2012   USA (NA)                                 Cohort            314              17.9±1.8 NA    3000            7                               NA    ①⑤     

  Bock, Margret E[@R9]              2013   USA (January 2011--April 2012)           Cross-sectional   99               12.1±5.0       12              NA                              NA    7      ①②③⑤

  Palacios, Carlos R Franco[@R10]   2013   USA (NA)                                 Cohort            96               42.5±18        NA              NA                              7     NA     ①③⑤

  Huang, J[@R24]                    2013   China (January 2006--June 2012)          Cohort            187              29±17.6        50              NA                              7     NA     ①②③⑤

  Meijers, B[@R11]                  2013   Holland (NA)                             Cohort            530              46±20          18              NA                              6     NA      1

  Resontoc, LPR[@R25]               2013   Singapore (NA)                           Cohort            122              4.1±3.3        41              NA                              7     NA     ①②⑤

  Sinha, A[@R26]                    2013   India (April 2012--May 2013)             Cohort            552              9.4±1.9        83              NA                              7     NA     ①②⑤

  Takehiko Wada[@R27]               2013   Japan (NA)                               Cross-sectional   86               55.6±16.3      26              NA                              NA    8      ①②③⑤

  Cara-Fuentes, Gabriel[@R28]       2014   USA (January 2011--April 2012)           Cohort            42               30±17          NA              NA                              6     NA     ①②

  Harita, Yutaka[@R29]              2014   Japan (NA)                               Cohort            67               13.1±5.2       8               NA                              7     NA     ①

  Li, Furong[@R30]                  2014   China (January 2011--May 2013)           Cohort            245              28±14          26              3000                            7     NA     ①②③⑤

  Segarra, Alfons[@R31]             2014   Spain (NA)                               Cohort            60               52.6±16.2      11              3452                            5     NA     ①②③

  Segarra, Alfons[@R32]             2014   Spain (NA)                               Cross-sectional   63               NA             NA              NA                              NA    6      ①④

  Fujimoto, Keiji[@R33]             2015   Japan (NA)                               Cohort            55               48±28.9        4               NA                              7     NA     ①②③⑤

  Guo, Shui-Ming[@R21]              2015   China (January 2006--June 2012)          Cohort            167              36±10.6        53              NA                              7     NA     ④⑤

  Jin, J[@R34]                      2015   China (January 2004--January 2012)       Cohort            305              32±15.5        38              2992.6                          7     NA     ①②③⑤

  Peng, Zhaoyang[@R35]              2015   China (January 2013--July 2013)          Cross-sectional   216              7.2±3.6        122             NA                              NA    6      ①②⑤

  Wu, Chung-Ze[@R36]                2015   China (NA)                               Cohort            143              55.5±16.5      17              NA                              5     NA     ②③④⑤

  Zhao, Yanfeng[@R37]               2015   China (NA)                               Cross-sectional   786              NA             NA              NA                              NA    6      ①②③④⑤

  Jiang,Yingsong[@R38]              2015   China (July 2011--May 2014)              Cohort            160              37.2±5.6       25              NA                              5     NA     ①②③⑤

  Spinale, JM[@R44]                 2015   USA(August 2010--July 2013）             Cohort            240              37±2           90              NA                              7     NA     ①②③

  Soltysiak, J[@R46]                2016   Poland (NA)                              Cross-sectional   45               13.4±2.5       25              NA                              NA    6      ①②⑤

  Chen, JS[@R45]                    2016   China (NA)                               Cross-sectional   40               56.8±8.3       33              NA                              NA    6      ①②

  Gu, Qiuhua[@R39]                  2016   China (NA)                               Cohort            121              35.8±20.1      39              NA                              7     NA     ①③

  Liu, Like[@R40]                   2016   China (December 2014--November 2015)     Cohort            80               47.2±17.8      10              3217                            5     NA     ①②③⑤

  Guo, Naifeng[@R39]                2017   China (March 2015--October 2016)         Cohort            240              42.3±6.2       71              NA                              5     NA     ①③⑤

  Wang, Yuanyuan[@R42]              2017   China (October 2013--October 2014)       Cohort            80               40.9±15.3      23              NA                              5     NA     ①②③⑤

  Verdelho, M[@R43]                 2018   Portugal (January 2015--December 2016)   Cross-sectional   61               49.8±17.2 NA   5000 (male)\    NA                              7     ①      
                                                                                                                                      5500 (female)                                                
  ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Inclusion group: ① primary FSGS, ② MCD, ③ MN, ④ secondary FSGS and ⑤ healthy control.

AHRQ, Agency for Healthcare and Quality; FSGS, focal segmental glomerulosclerosis; MCD, minimal change disease; MN, membranous nephropathy; NA, not available; NOS, Newcastle-Ottawa Scale.

Concentration of suPAR in primary FSGS and normal control group {#s3-1}
---------------------------------------------------------------

In total, there were 18 studies[@R9] in which the concentrations of suPAR were compared between primary FSGS and the normal control group. The overall results showed that the level of suPAR in the primary FSGS group was significantly higher when compared with that in the normal control group (p\<0.001; SMD: 2.56; 95% CI 1.85 to 3.28; I^2^=96.9%). Furthermore, the results indicated significant evidence of between-study heterogeneity. Sensitivity analysis was employed, which demonstrated that it did not affect the final results. Therefore, subgroup analysis was performed. In a study by Wei *et al*,[@R21] there were two cohorts in which the age of the FSGS clinical trial (CT) cohort was mixed (age 0--40 years) and the CodoNet cohort was for children aged 0--18 years old. We named these two cohorts the 'Wei, C.2012--1' and 'Wei, C.2012--1' groups. The results of the subgroup analysis are presented in [figure 2](#F2){ref-type="fig"}. Subgroup analysis according to study design and continent is shown in [online supplementary figures 1--2](#SP3 SP4){ref-type="supplementary-material"}. The funnel plot indicated that there might be publication bias ([online supplementary figure 3](#SP5){ref-type="supplementary-material"}), and the Begg's test and Egger's test (p\<0.05) showed publication bias.
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![Forest plot for the concentration of suPAR between FSGS and normal group. FSGS, focal segmental glomerulosclerosis; SMD, standard mean difference; suPAR, soluble urokinase plasminogen activated receptor.](bmjopen-2019-031812f02){#F2}

Secondary FSGS and the normal control group {#s3-2}
-------------------------------------------

In four studies,[@R21] the concentrations of suPAR were described between secondary FSGS and the normal control group. In addition, significant differences were observed between the secondary FSGS and the normal control group (p\<0.001; SMD: 1.68; 95% CI 1.37 to 1.98; I^2^=0.0%) ([online supplementary figure 4](#SP6){ref-type="supplementary-material"}).
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Primary FSGS and secondary FSGS {#s3-3}
-------------------------------

In a total of four studies,[@R21] the concentrations of suPAR in primary FSGS and secondary FSGS were compared. Our data analysis showed that the concentration of suPAR was higher in the secondary FSGS compared with the primary FSGS (p\<0.008; SMD: 0.47; 95% CI −0.07 to 1.01; I^2^=69.7%) ([table 2](#T2){ref-type="table"}).

###### 

Results comparing the level of suPAR in different diseases

  Disease                          P value   SMD     95% CI          I^2^ (%)   P heterogeneity
  -------------------------------- --------- ------- --------------- ---------- -----------------
  Primary FSGS vs secondary FSGS   0.08      0.47    −0.07 to 1.01   69.7       0.01
  Primary FSGS vs MCD              \<0.001   1.72    1.27 to 2.28    94.0       \<0.001
  Primary FSGS vs MN               \<0.001   0.88    0.50 to 1.27    88.1       \<0.001
  MCD and MN                       0.008     −0.69   −1.20 to 0.18   89.8       \<0.001

FSGS, focal segmental glomerulosclerosis; MCD, minimal change disease; MN, membranous nephropathy; SMD, standard mean difference; suPAR, soluble urokinase plasminogen activated receptor.

Primary FSGS and MCD {#s3-4}
--------------------

In a total of 19 studies,[@R9] the concentrations of suPAR in primary FSGS and MCD were compared, and the results showed that the concentration of suPAR in primary FSGS was significantly higher compared with that in MCD (p\<0.001; SMD: 1.72; 95% CI 1.17 to 2.28; I^2^=94.0%) ([table 2](#T2){ref-type="table"}).

Primary FSGS and MN {#s3-5}
-------------------

In 16 studies,[@R9] the concentrations of suPAR were compared in primary FSGS and MN, and the results were significantly different (p\<0.001; SMD: 0.88; 95% CI 0.50 to 1.27; I^2^=88.1%) ([table 2](#T2){ref-type="table"}).

MCD and MN {#s3-6}
----------

In 14 studies,[@R9] the concentrations of suPAR were compared in MCD and MN, and the results showed that in MCD and MN the concentrations were significantly different (p=0.008; SMD: −0.69; 95% CI −1.20 to 0.18; I^2^=89.8%) ([table 2](#T2){ref-type="table"}).

Diagnostic value of suPAR for primary FSGS {#s3-7}
------------------------------------------

Seven of these studies[@R22] involved the threshold of suPAR. We analysed the diagnostic value of suPAR in these studies. suPAR could diagnose primary FSGS (PLR 4.44, 95% CI 2.21 to 8.95; NLR 0.38, 95% CI 0.29 to 0.49; DOR 11.86, 95% CI 5.13 to 27.39; SENS=0.68, 95% CI 0.59 to 0.76; SPEC=0.85, 95% CI 0.70 to 0.93; SROC curve: AUC=0.78, 95% CI 0.75 to 0.82) ([online supplementary figures 5--6](#SP7 SP8){ref-type="supplementary-material"}).

The results after removing one study[@R43] showed higher diagnostic value (PLR 5.94, 95% CI 3.44 to 10.23; NLR 0.32, 95% CI 0.25 to 0.42; DOR 18.34, 95% CI 11.49 to 29.32; SENS=0.72, 95% CI 0.61 to 0.80; SPEC=0.88, 95% CI 0.78 to 0.94; SROC curve: AUC=0.85, 95% CI 0.82 to 0.88) ([figures 3--4](#F3 F4){ref-type="fig"}). No publication bias was observed in threshold-related studies by Deeks' funnel plot (p\>0.1) ([online supplementary figure 7](#SP9){ref-type="supplementary-material"}).
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![Sensitivity and specificity forest map (the study that described a threshold of 5000 pg/mL was removed).](bmjopen-2019-031812f03){#F3}

![SROC curve for the value of suPAR for FSGS (the study that described a threshold of 5000 pg/mL was removed). AUC, area under the curve; FSGS, focal segmental glomerulosclerosis; SENS, sensitivity; SPEC, specificity; SROC, summary receiver operational characteristic; suPAR, soluble urokinase plasminogen activated receptor.](bmjopen-2019-031812f04){#F4}

Quality assessment {#s3-8}
------------------

Of the 21 included cohort studies,[@R10] the NOS was used to score the quality of the cohort studies. Most studies had a quality score between 5 and 7 and were at moderate risk. In eight cross-sectional studies,[@R9] the AHRQ rating scale was used for scoring, and the scores were between 6 and 8, and were between medium and high quality. In studies[@R22] involving the diagnostic part, the QUADS-2 scale was used for quality scoring. All studies were diagnosed using the unified gold standard (pathological biopsy); however, none was performed using blinded conditions ([online supplementary tables 1--3](#SP10){ref-type="supplementary-material"}).
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Discussion {#s4}
==========

suPAR, a circulating form of the surface receptor in many cells, is a promising biomarker, which is elevated in inflammation, autoimmune diseases, tumours and kidney diseases.[@R6] In a previous study, it was demonstrated that suPAR might be causal for kidney disease[@R47]; however, it was not clear whether suPAR could diagnose kidney disease. Our results showed that suPAR could differentiate primary and secondary FSGS from the normal control group. Our results showed that suPAR could distinguish primary FSGS and MN and MCD; however, it could not differentiate between primary FSGS and secondary FSGS.

In some studies,[@R8] it was demonstrated that suPAR could not be used as a biomarker for the diagnosis of primary FSGS; however, other studies[@R22] showed that suPAR could be used as a biomarker for the diagnosis of FSGS. Therefore, the precise diagnostic value of suPAR in FSGS remains unclear. Our results showed that suPAR could diagnose FSGS. We hypothesised that standardisation of measurement techniques for suPAR could be an option. In addition, gender, age and basic kidney function may lead to differences in results. In a letter by Maas *et al*,[@R48] it was demonstrated that the level of suPAR in primary FSGS was not different from that of secondary FSGS, and that there was only minimal change in disease. Despite these results, Huang *et al* [@R24] showed that when comparing the concentration of suPAR, there was a significant difference between secondary FSGS with haemodynamic diseases and primary FSGS, which was similar to our data. Segarra *et al* [@R31] showed that suPAR levels lack sensitivity to distinguish between idiopathic and secondary FSGS. However, suPAR levels greater than 4000 ng/mL were highly specific for primary FSGS. suPAR does not differentiate between primary FSGS and secondary FSGS, which may be related to age and kidney function.[@R32] In addition, studies have shown different levels of suPAR in different races.[@R9]

MCD, FSGS and mesangial proliferative glomerulonephritis all belong to idiopathic nephrotic syndrome (INS), which refers to the association of nephritic syndrome and non-specific glomerular abnormalities.[@R49] The most common characteristic of pathology in children is MCD and FSGS.[@R50] MCD is similar to FSGS in renal pathology at early stages.[@R49] Despite the similarity, MCD and FSGS have differences. In FSGS, the number of podocytes decreases, whereas in MCD it remains unchanged.[@R51] Therefore, in some studies[@R9] it was attempted to differentiate MCD from FSGS by suPAR in the early stage. Our results suggested that suPAR may be an early diagnostic factor for FSGS and MCD.

The results of this study demonstrated a suPAR concentration of 3000 pg/mL could be an early diagnosis of FSGS. Seven studies[@R22] have been published involving threshold, and in this study the data of these studies were analysed. The overall results showed that there was a moderate diagnostic value in suPAR to diagnose FSGS. Because of the extremely high level of suPAR in one study,[@R43] the study was removed, which resulted in a much higher diagnostic value in primary FSGS. Therefore, we speculated that a suPAR concentration of 3000 pg/mL may be an optimal threshold for the diagnosis of FSGS.

Initial results showed that the heterogeneity of primary FSGS and the normal control group was substantial. Therefore, we tried to reanalyse the results using sensitivity analysis, which showed the results remained stable. Consequently, a related subgroup analysis was performed. We analysed the different subgroups of primary FSGS in different continents, different research types, and adults and children, and found that the heterogeneity still existed. In a previous study, the correlation between eGFR and suPAR was analysed[@R52]; therefore, we considered eGFR as an influencing factor for suPAR concentration. However, due to the lack of relevant data, subgroup analysis was not performed according to eGFR. Steroids were the first-line treatment for FSGS[@R30]; however, in most included studies, it was not mentioned if steroids were used for treatment. Importantly, in our study, no differences in results were observed between adults and children.

Our results showed that there was publication bias when FSGS was diagnosed by suPAR. We tried to research the database to reduce the publication bias. Eventually, we found that the results of included studies were similar as before, indicating that the results of this study were stable. Moreover, when we tried to diagnose FSGS with the threshold of suPAR concentration, relevant studies did not show publication bias.

Strengths and limitations of this study {#s4-1}
---------------------------------------

First, we evaluated the effect of increased concentration of suPAR on FSGS, and used sensitivity and specificity analyses to diagnose the threshold of suPAR. This will provide the possibility to perform a blood screen before diagnosing FSGS, and based on the results patients with high suPAR concentrations may undergo renal biopsy. In addition, elderly patients or patients who refuse to undergo invasive examination may be predicted by blood tests. Second, we also analysed whether suPAR could distinguish INS (MCD, MN and FSGS), which may help us treat primary kidney disease by the cause of the disease. Third, we used three scales for different articles to evaluate their quality.

Our meta-analysis has some limitations. First, there is publication bias and heterogeneity in part of the results of our study. We tried to identify the origin of bias and heterogeneity by sensitivity and subgroup analyses. Considering the many factors that affect heterogeneity, we used age, study design, continent, eGFR and gender subgroup for analysis. Ultimately, we conducted subgroup analysis of age, study design and continent. Since data on pathogeny and gender were not available, no subgroup analysis of these groups was performed. Second, many diseases affect plasma suPAR levels, including tumours, infections, atherosclerosis and autoimmune diseases, and different measurement methods may interfere with the results. Finally, a small percentage of the data were obtained through the reading software, which may have affected the accuracy of the data.

Conclusion {#s5}
==========

In conclusion, this meta-analysis shows that serum suPAR levels are a potential biomarker for the diagnosis of FSGS. However, considering publication bias, heterogeneity and sample size, additional studies will be required to verify the data.
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